Psoriasis · Psoriasis area and severity index score · Heart rate recovery index · Cardiovascular risk Abstract Objective: The aim of this study was to investigate the relationship between psoriasis and heart rate recovery (HRR) index. Patients and Methods: A total of 50 patients with a diagnosis of psoriasis and 32 healthy volunteers were included in the study. In all patients, a stress test was performed to calculate the HRR index in a manner which aimed to reach the age-specific maximum heart rate. HRR indices were calculated in all patients and controls. Results: HRR (beats/minute) indices after the 1st (HRR 1 , 26 ± 10 vs. 33 ± 8, p = 0.002), 2nd (44 ± 11 vs. 50 ± 6, p = 0.002), 3rd (51 ± 7 vs. 63 ± 8, p < 0.001), 4th (54 ± 7 vs. 65 ± 8, p < 0.001) and 5th (57 ± 8 vs. 70 ± 10, p < 0.001) minutes of the recovery period were significantly lower in the psoriasis group compared to healthy controls. In addition, HRR 1 was significantly correlated with duration of psoriasis (r = 0.541, p < 0.001) and psoriasis area and severity index score (r = 0.511, p < 0.001). Conclusion: HRR was lower in patients with psoriasis. Given the prognostic value of this test, patients with psoriasis might be at risk for future cardiovascular events and cardiovascular mortality.
Introduction
Psoriasis is a chronic, relapsing, inflammatory and hypertrophic skin disease which has an unclear etiology. It involves skin surface and joints by affecting the immune system. It is generally characterized by silvery-red skin defects which show a tendency to periodic exacerbation and alleviation [1] . Hypertension, diabetes mellitus, heart failure, coronary artery disease, valvular cardiac disease, peripheral artery disease, hyperlipidemia and cerebrovascular disease are more commonly observed together with psoriasis [2] . Deaths caused by cardiac reasons are increased in patients with psoriasis compared to the general population [3] . It has been thought that autonomic nerve system dysfunction has a role in the etiology and pathogenesis of psoriasis [4] .
Heart rate recovery (HRR) is defined as the decrease in heart rate after exercise. Recovery continues until heart rate, blood pressure (BP) and ECG changes return to baseline. HRR is estimated by obtaining heart rates at minutes 1, 2, 3 and 5 during the recovery period at maximal heart rate in a patient undergoing a maximal stress test. Abnormal HRR, which is an indicator of abnormal autonomic control, is defined as the inability to achieve a reduction in heart rate by 12 beats or more 1 min after exercise while still standing [5, 6] . Abnormal HRR has been found as an independent predictor of mortality in both men and women [7, 8] . A correlation has been detected between the amount of reduction in heart rate at first minute of recovery and mortality, where mortality decreases as the amount of reduction increases.
Therefore, in the present study we aimed to evaluate the relationship between psoriasis and HRR index, which is considered to be a cardiovascular risk factor.
Subjects and Methods

Study Population
A total of 50 patients (19 male and 31 female; overall mean age 43 ± 11 years) with diagnosis of psoriasis presenting to the dermatology outpatient clinic of Kayseri Education and Research Hospital between December 2011 and June 2012 were included in this study. A group of 32 healthy subjects (10 male and 22 female; overall mean age 47 ± 12 years) were selected as the control group. Diagnosis of psoriasis was made upon clinical presentation with skin lesions. Skin biopsy was required in a limited number of patients (n = 6). Psoriasis area and severity index (PASI) was used to determine the severity of psoriasis. The score comprises the three features of psoriasis: psoriatic plaque redness, scaling and thickness, and each were assigned a number from 0 to 4, with 4 being the worst. Then the extent of involvement of each region of the body was scored from 0 to 6. The scale of the score ranges from 0 to 72 points, from no psoriasis to maximal disease; higher PASI scores indicate more severe psoriasis. Patients aged <15 and >70 years, those with history of previous myocardial infarction, ischemic heart disease, LVEF <50%, severe valvular failure or stenosis, cardiomyopathy, cardiac arrhythmia, comorbid diseases such as hypertension, diabetes mellitus and chronic renal failure, Hb <10 g/ dl, autonomic system disorder, rheumatoid diseases and patients on methotrexate treatment were excluded from the study.
Baseline ECG was evaluated for all patients with psoriasis and healthy subjects. All participants underwent echocardiography. The 32 healthy volunteers selected as the control group had no organ system or cardiovascular disease on physical, electrocardiographic and echocardiographic examination. In all patients, a stress test was performed to calculate the HRR index in a manner which aimed to reach age-specific maximum heart rate. A stress test was performed according to the Bruce protocol. Maximum heart rate was calculated as follows: maximum heart rate = 220 -age. Patients who reached 85% of maximum heart rate were included in the study. The ECG was continuously recorded during the exercise test, at the end of which the heart rate was recorded with the subject at rest in the supine position during a 5-min post-exercise period. HRR indices were calculated subtracting heart rates at the 1st (HRR 1 ), 2nd (HRR 2 ), 3rd (HRR 3 ), 4th (HRR 4 ) and 5th (HRR 5 ) minutes during the recovery period from the heart rate at peak exercise. HRR indices were calculated as follows: HRR 1, 2, 3, 4, 5 = heart rate at peak exercise -heart rate at 1, 2, 3, 4 and 5 min.
Statistical Analysis
All analyses were carried out using SPSS 15.0 for Windows (SPSS Inc., Chicago, Ill., USA). Continuous variables were given as mean ± standard deviation; categorical variables were defined as percentages. The variables were investigated using the Kolmogorov-Smirnov test to determine whether or not they were normally distributed. Independent samples t test was used to compare continuous variables between the two groups. Nonparametric values were compared with the Mann-Whitney U test. The χ 2 test was used to compare categorical data. The Pearson and Spearman correlation coefficient was used to examine the association between the duration of psoriasis and the HRR index. A two-tailed p value <0.05 was considered as significant.
Results
The demographic characteristics of patients with psoriasis and controls are presented in table 1 . The psoriasis group and controls were similar with respect to age, BMI, total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, fasting glucose and creatinine levels. There were no significant differences in left ventricular ejection fraction between patients and controls. In patients with psoriasis, mean duration of the disease was 14.2 ± 9 years and mean PASI score was 10.8 ± 10 points.
Comparison of the maximal heart rate, maximal systolic and diastolic BP, exercise duration and metabolic equivalents achieved during the exercise stress test between patients with psoriasis and controls are also summarized in table 2 . No significant differences were observed in metabolic equivalents (12.2 ± 1.58-11.5 ± 2.3, 569 p = 0.105), maximal heart rate (164 ± 11.8-169 ± 15.2, p = 0.123) and diastolic BP (86 ± 3-87 ± 1, p = 0.612) achieved during the exercise stress test between the two groups. However, maximal heart rate (169 ± 8-164 ± 13, p = 0.029) and maximal systolic BP achieved during the exercise test was significantly higher in patients with psoriasis than controls (178 ± 18-174 ± 23, p = 0.004).
Results of HRR are presented in table 2 . According to these results, HRR indices after HRR 1 (26 ± 10 vs. 33 ± 8, p = 0.002), HRR 2 (44 ± 11 vs. 50 ± 6, p = 0.002), HRR 3 (51 ± 7 vs. 63 ± 8, p < 0.001), HRR 4 (54 ± 7 vs. 65 ± 8, p < 0.001) and HRR 5 (57 ± 8 vs. 70 ± 10, p < 0.001) were significantly decreased in the psoriasis group compared to healthy controls. In addition, HRR 1 was significantly correlated with duration of psoriasis (r = 0.541, p < 0.001) and PASI score (r = 0.511, p < 0.001).
Discussion
In the present study, we showed that HRR indices at minute 1, 2, 3, 4 and 5 obtained after maximal exercise test were significantly lower in patients with psoriasis than healthy controls. Also, HRR at the first minute of exercise was correlated with the duration of psoriasis and PASI score.
Psoriasis is a chronic inflammatory disease which is characterized by plaques with shiny white desquamation on the skin with a tendency to experience periodic exacerbation and alleviation. The disease affects 1-3% of different ethnic populations [9] and involves the skin surface and joints by affecting the immune system. In recent years, comorbidities and changes caused by chronic inflammation have been the most compelling aspects of this disease, whose course is characterized by typical clinical findings and histopathological changes.
Atrial fibrillation, stroke and percutaneous coronary intervention are frequently seen in patients with psoriasis and there is an increase in myocardial infarction, cardiovascular mortality and all-cause mortality rates in those with severe psoriasis [3, 10] . The occurrence of complications, which significantly affect the quality of life and even diminish life span, suggests that psoriasis may be a systemic rather than a skin disease.
Neuroendocrine stress response is mediated by the hypothalamic-pituitary-adrenal (HPA) axis and the autonomic nervous system in the human body. Central effector response is achieved by the corticotropin-releasing hormone system and the locus coeruleus-noradrenergic sympathetic nervous system (brainstem). The brain-skin pathway includes mast cells, nerve growth factor, substance P and the intrafollicular HPA stress pathway, which ensure the corticotropin-releasing hormone, ACTH and cortisol production equivalent to central HPA. When the HPA axis is activated by the hematogenous route, neurosensorial and limbic signaling or the release of primary cytokines such as TNF, IL-1 and IL-6 to the inflammation site occur [11] . Activated T cells, monocytes and proinflammatory cytokines, most notably TNF-α, have all been shown to play pivotal roles in the pathogenesis of psoriasis [12] .
It has been emphasized that vaso-occlusive diseases are common in cases with psoriasis and it has been also reported that there is an increase in cardiovascular mortality in these patients [13] . In previous studies, the prevalence of risk factors for coronary artery disease was found to be increased in patients with psoriasis. In particular, it was shown that risk for hypertension and myocardial infarction was increased in patients with severe psoriasis that requires hospitalization [14, 15] . Presumably due to the effects of inflammation on the HPA axis and the autonomic nervous system, the heart rate and incidence of supraventricular arrhythmias are increased in patients with psoriasis. It has been shown that an autonomic dysfunction occurs; correspondingly, variability in heart rate is decreased [16, 17] .
Alterations in heart rate during exercise and the recovery period after exercise are determined by the equilibrium between sympathetic and vagal activity. In the recovery period after exercise sympathetic activity, which previously increased during exercise, decreases (as there is an increase in parasympathetic activity), causing a fall in heart rate [18] . Abnormal HRR is defined as the inability to achieve a reduction in heart rate by 12 beats or more at minute 1 after exercise while the subject is still standing and has been reported as an independent predictor of cardiovascular mortality in several studies [8, 9] . Previous studies showed that the HRR index was significantly impaired in patients with various inflammatory diseases, including Behçet's disease, familial Mediterranean fever and systemic lupus erythematosus [19] [20] [21] . In subjects with coronary artery disease, HRR is an independent predictor of all causes of mortality regardless of LV function, extent of atherosclerosis in coronary arteries and exercise capacity [22] . Impaired HRR index has been found as an independent predictor of cardiovascular mortality even in healthy subjects [23] . It has also been shown that mortality decreases as the amount of reduction in heart rate increases [24] .
Unlike our results, Bulur et al. [25] observed no significant difference in HRR indices between patients with psoriasis compared to healthy controls. However, in that study, the duration of psoriasis and PASI score was lower than in ours. The more severe psoriasis present in our patients might be associated with reduced HRR, indicating more severely deteriorated autonomic functions of the heart.
Conclusion
HRR is decelerated in patients with psoriasis. Given the prognostic value of this test, patients with psoriasis might be at risk for future cardiovascular events and cardiovascular mortality. Close monitoring of these patients might be beneficial in preventing cardiovascular complications associated with psoriasis.
